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Diagnosis of renovascular disease by intra- and extrarenal Doppler
scanning. The purpose of this prospective, angiographically controlled
study was to determine the diagnostic value of color Doppler sonography
with two differing approaches of scanning in patients with clinical clues for
renal artery stenosis (RAS). In 135 hypertensive patients peak systolic
velocity in the main renal arteries and the resistive index (RI) of the
intrarenal arteries were measured. The RI side-to-side-difference (zRI)
greater than 0.05 or peak systolic velocity greater than 2 m/s were used to
discriminate normal from stenotic renal arteries, defined as angiographi-
cally confirmed RAS > 50%. In 88 of 135 patients 107 RAS were
demonstrated by selective arteriography. Five renal artery occlusions
occurred, which were all diagnosed by color Doppler sonography. Seventy-
six RAS were detected by increased peak systolic velocity, and an
additional 19 stenoses were identified by 2RI. The combined analysis of
peak systolic velocity and RI resulted in a sensitivity of 89% and
specificity of 92%. The positive predictive value was 92% and the negative
predictive value was 88%. Our data suggest that only the combination of
intra- and extrarenal scanning with color Doppler sonography represents
an effective screening method for significant renal artery stenosis in
hypertensive patients.
Hypertension is the most frequently diagnosed disease in the
Western societies of Europe and the United States. Potentially
curable hypertension due to renovascular disease, however, ac-
counts for only 0.5 to 5%. Thus, clinical selection of hypertensive
patients is recommended before extensive screening for renovas-
cular disease is commenced [1, 2].
Since 1984, when renal Doppler ultrasound was introduced as a
non-invasive screening method for renal artety stenosis (RAS) [3],
several studies have found contrasting results [4—14]. There is still
substantial controversy whether or not the main or segmental
renal arteries should be examined with color Doppler sonography
(CDS) [5—8, 10, 11, 13—16]. Several intrarenal Doppler waveform
parameters for detection of RAS, that is, "parvus and tardus
flow," systolic acceleration, acceleration time and the loss of the
early systolic peak have been studied with controversial results
[10, 11, 15]. Furthermore, a few studies investigated the efficacy in
the diagnosis of RAS using the side-to-side comparison of intra-
renal resistance parameters with encouraging results [13, 17, 181.
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However, to our knowledge only one paper has thoroughly
investigated intra- and extrarenal scanning in a small group of
angiographicailly controlled patients, thus far [14].
Therefore, we conducted a prospective, angiographically con-
trolled study to evaluate the utility of intra- and extrarenal
Doppler parameters for CDS-screening of RAS in hypertensive
patients.
Methods
Patients
Between January 1993 and March 1995 we prospectively
scanned 895 consecutive patients who were admitted by their
referring physician for evaluation of either difficult-to-treat hyper-
tension and/or of symptoms of peripheral vascular disease. Pa-
tients were selected for arteriography by the following three
indications to give them a high pretest likelihood of RAS [2, 19]:
(1.) patients (N = 71) with severe hypertension (diastolic blood
pressure greater than 120 mm Hg), with either progressive renal
insufficiency or refractoriness to aggressive treatment (> 3 anti-
hypertensive drugs); (2.) patients (N = 17) with positive Doppler
scans, but without the above-mentioned clinical clues for renovas-
cular hypertension; (3.) patients (N = 47) with moderate or severe
hypertension who were referred for aortoarteriography due to
symptoms of peripheral vascular disease.
In every patient the Doppler scan was performed prior to
arteriography. Thus, 135 of 895 patients (15%) underwent selec-
live arteriography within one month after Doppler examination.
The characteristics of the patients with and without arteriography
are shown in Table 1.
Doppler sonography
Patients were instructed to fast overnight until the morning of
Doppler examination. Examination time was documented for
each patient. All CDS studies were done prior to arteriography by
one of two experienced investigators of our group doing CDS on
a regular basis. No difference was found in the quality of previous
CDS studies between the two observers. The patients were
examined in supine and lateral decubitus positions using a 2.5 to
3.5 MHz-phased-array transducer with a commercially available
color Doppler unit (ACUSON 128/XPIO; Acuson Corporation,
Mountain View, CA, USA). After B-scanning for determination
of the kidney size and evaluation of parenchymal disorders, the
color mode was added for vascular imaging. The origin and course
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Table 1. Characteristics of patients with and without angiography
Without
angiography
With
angiography P value
Patients (N) 760 135
Age years 54.7 15.7 59.5 14.2 <0.0001
Female/male 328/432 65/70
Serum creatinine 87.3 36.5 99.7 77.1 NS
pinol/liter
Systolic blood pressure 154 16 160 25 <0.005
mm Hg
Diastolic blood pressure 91 8 90 14 NS
mm Hg
Mean blood pressure 111 10 114 16 < 0.05
mm Hg
Number of 1.2 1.0 1.8 1.2 <0.0001
antihypertensives drugs
The values are means SD. P values were tested by the Mann-Whitney
rank sum test.
NS is not significant.
of the main renal arteries, as well as segmental and interlobar
renal arteries in the upper pole, mid portion, and lower pole of
each kidney were demonstrated and Doppler samples were taken.
In each instance angle-corrected (< 600) peak systolic and end
diastolic velocity were determined from the Doppler spectra and
the resistive index (RI) was calculated according to the formula:
RI = peak systolic velocity — enddiastolic velocity/peak systolic velocity
RI values of six different parenchymal spectral samples were
arithmetically averaged to give a mean intrarenal RI of each
kidney. However, in previous studies RI has shown great interin-
dividual overlap in both stenotic and nonstenotic arteries [13, 17].
Therefore, side-to-side-differences between the right and left
kidney (SRI) were determined and used as diagnostic criterion
for RAS.
With respect to our previous experience and to results reported
in the literature, angle-corrected peak systolic velocity greater
than 2 rn/s in the main renal artery or RI greater than 0.05 (lower
RI on the stenotic side) were defined as criteria for significant
RAS [7, 13, 20].
The sensitivity, specificity and predictive values of the Doppler
parameters were calculated as percentage for the number of
angiographically confirmed RAS > 50%.
Arteriography
In all patients who were included in the study multiplane
selective arteriograms (ap, LAO 300, RAO 30°) using the intraar-
terial digital subtraction method were performed as the gold
standard for comparison to the Doppler results. The films were
reviewed independently by two radiologists who were blinded to
patient's history and to previous Doppler results. The diagnosis of
RAS and its grading was: no RAS, stenosis < 50%; moderate
RAS, 50 to 70%; severe RAS, > 70%. If a disagreement between
the two principal investigators was found, a third radiologist
evaluated the arteriograrns without knowledge of previous evalu-
ations and final grading was achieved by the majority. Fibromus-
cular dysplasia (FMD) as well as atherosclerotic disease were
classified by typical morphological criteria described elsewhere
[21].
Table 2. Angiographically grading, B-mode ultrasound and Doppler
results in 135 patients
No RAS 50%—70% >70% Occlusion
Kidneys (N = 267) 166 14 82 5
Renal arteries (N 295)
Mean kidney size SD cm
Mean intrarenal RI SD
183
10.6 1.0
0.70 0.11
16
10.3 1.2
0.71 0.09
91
10.0 1.2"
0.61 0.13"
5
9.2 0.6"
Mean intrarenal RI si 0.02 0.04 0.04 0.03° 0.11 0.08" —
Mean PSV in the visualized 118 48 227 75" 316 146" —
renal arteries SD (N = 165) (N = 12) (N = 64)
(cm/second) (N = 241)
Renal arteries were angiographically graded (no RAS; RAS 50%—70%;
RAS > 70%; occlusion). The distribution of these stenoses, kidney size,
intrarenal resistive index (RI), side-to-side-difference of iRI and peak
systolic velocity (PSV) are shown. Significant difference between normal
and stenotic renal arteries (°P < 0.05, h P < 0.000 1; Mann-Whitney rank
sum test).
To examine whether RI may be used as a predictive criterion
for the blood pressure outcome after interventional treatment,
Doppler results were additionally referred to the diagnosis of
renovascular hypertension (RVH) in the subgroup of dilated
patients.
Statistical analysis
All values are expressed as means SD. The Mann-Whitney
rank sum test was used for the comparison of two not normally
distributed groups. P < 0.05 was considered statistically signifi-
cant. Sensitivity, specificity and predictive values were determined
using the Four-Fold-Table referring to the number of arteries. If
the PSV could not be measured because of bowel gas and RAS
was present, a false negative result was considered for this
parameter. Univariate linear regression analysis was performed to
look for a relationship between RI and the decrease of blood
pressure after dilation of the stenosis.
Results
Angiographic findings
In 135 patients with 267 kidneys a total of 295 renal arteries
including 28 accessory arteries were studied. RAS was ruled out
by the arteriogramm in 44 patients with 96 renal arteries. In 88
patients 107 RAS were detected angiographically: 71 patients had
unilateral (N = 72) and 17 patients bilateral (N = 35) stenoses.
Additionally, in 3 patients five renal artery occlusions were
detected. By morphological criteria atherosclerotic disease was
diagnosed in 93 diseased arteries (including 5 renal artery occlu-
sions), while FMD was present in 19 renal arteries. The distribu-
tion of different radiological grading of the stenoses is presented
in Table 2.
In 68 of the 91 patients with renovascular disease clinical data
of follow-up after dilation or stent implantation were available.
Blood pressure improved or hypertension was cured in 51 of 68
patients (75%) according to the standards of the Society of
Cardiovascular and Interventional Radiology [22]. In these pa-
tients we were therefore able to retrospectively establish the
diagnosis of RVH.
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Fig. 1. Peak systolic velocity of the visualized renal arteries (N = 241). The
peak systolic velocity (PSV) in the three angiographically-defined groups
of renal artery stenoses (RAS) are shown: normal renal arteries (RAS <
50%; N = 165), moderate RAS (50% to 70%; N = 12), and severe RAS
>70%; N = 64). The PSV of moderate RAS and severe RAS was greater
than PSV of nonstenotic renal arteries (P < 0.0001, Mann-Whitney rank
sum test). No difference was found between the PSV of moderate and
severe RAS.
Sonographic and Doppler findings
The mean examination time of renal CDS (N = 135) was 35
12 minutes (19 to 70 mm) per session excluding the time of
documentation.
B-mode ultrasound revealed a significant difference between
the mean size of poststenotic (N = 101) and normal kidneys (N =
166) (10.0 1.2 cm vs. 10.6 1.0 cm, P < 0.0001). The mean
intraindividual difference of kidney size was elevated in 91 pa-
tients with renal artery disease in comparison to the 44 patients
with nonstenotic kidneys (1.2 1.0 cm vs. 0.5 0.4 cm, P <
0.0001).
CDS demonstrated 241 out of 295 (81.6%) main and accessory
renal arteries. However, only 7 of 28 (25%) accessory renal
arteries were detected with CDS. The 5 renal artery occlusions
were diagnosed correctly due to the lack of color Doppler signals.
Seventy-six of 107 (71%) RAS were detected by the measure-
ment of elevated PSV in the renal artery. The PSV in RAS was
significantly different to that of the nonstenotic renal arteries,
however, great overlap was found between moderate and severe
RAS (Fig. 1 and Table 2).
In general the poststenotic intrarenal RI (N = 96) was lower
than that of the normal kidneys (N = 165; 0.63 0.13 vs. 0.70
0.11; P < 0.0001). Using zRl > 0.05 as the stenolic criterion, 19
RAS were additionally identified that could not be detected by the
measurement of PSV. By combining extra- and intrarenal scan-
fling methods 95 of 107 (89%) RAS were identified. The values of
diagnostic accuracy for the different criteria are given in Table 3.
In unilateral moderate (50 to 70%) and severe (>70%) RAS
statistical comparison of the mean Rl showed that the higher the
Sensitivity Specificity NPV PPV
PSV 71.0% 96.3% 83.7% 92.6%
zRl 63.5% 82.3% 67.0% 80.0%
zRI + PSV 88.8% 91.6% 92.2% 88.0%
Peak systolic velocity (PSV > 2 m/s) and side-to-side-difference of the
intrarenal resistive index (SRI > 0.05) are used as stenotic criteria.
Sensitivity, specificity, NPV and PPV of single and combined Doppler
parameters are calculated as percentages based on the number of stenoses
in 132 angiographically controlled patients. The 3 patients with renal
artery occlusion were excluded from evaluation.
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Fig. 2. Side-to-side-difference of intrarenal resistive index (il.RI) in unilateral
renal artery stenosis (RAS). zRI in the three angiographically defined
groups of unilateral RAS are shown: normal renal arteries (RAS < 50%,
N = 96), moderate RAS (50% to 70%, N = 12), and severe RAS (> 70%,N = 60). RI of moderate and severe RAS was greater than RI of
normal renal arteries (*P < 0.05 and ** < 0.0001, respectively). There
was no difference between 2RI of moderate and severe RAS.
grading of RAS the greater was zRI. However, there was a large
overlap between both groups (Fig. 2).
Eighteen of 35 bilateral RAS (5 1%) showed significant zRI>
0.05 due to different grading of the stenoses, while 20 of the 35
RAS (57%) could be detected by the extrarenal measurement of
PSV. Combining intra- and extrarenal scanning methods 28 of 35
bilateral RAS (80%) were detected. RI of severe atherosclerotic
RAS (N = 73) was significantly lower than that of FMD stenoscs
with the same grading (N = 18; 0.09 0.08 vs. 0.13 0.07; P <
0.05). The mean age of patients with either atherosclerotic or
FMD stenoses was different between the two groups (64 11
years vs. 39 14 years; P < 0.0001). Furthermore, in 38 of 73
severe atherosclerotic RAS (52%) iRI was lower than 0.05, so
that these significant stenoses would have been overlooked by the
single use of this intrarenal criterion. However, all severe FMD
stenoses (N = 18) could be identified by the above-mentioned
parameter (Rl > 0.05).
Serum creatinine was elevated (>106 xmol/liter) in 28 of 88
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Table 3. Sensitivity, specificity, negative predictive value (NPV) and
positive predictive value (PPV) of CDS
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Fig. 3. Correlation between blood pressure response and side-to-side-differ-
ence of intrarenal RI (b.RI). Blood pressure follow-up was perfomed in
patients whose RAS were removed by interventional treatment. There was
no significant correlation between the reduction of mean blood pressure
after treatment and RI (univariate regression analysis; N = 68; r
—0.142; P = 0.2656).
patients with RAS; however, zRI did not significantly differ from
that of the patients with normal renal function (P = 0.954).
In the subgroup of 68 patients with clinical follow-up after
successful removal of the stenosis, 37 of 51 subjects with RVH had
RI > 0.05 (sensitivity 72.5%, specificity 69.5%, positive predic-
tive value 59.7%, negative predictive value of 80.5%). There was
no statistically significant correlation between RI and reduction
of mean arterial blood pressure (MAP) after removal of stenoses
(r =
—0.142; P = 0.2656; Fig. 3).
Discussion
Early diagnosis of RAS is an important clinical objective since
interventional treatment may improve or cure RVH and preserve
renal function of native [23] and transplanted kidneys [24]. To
avoid wasting time and resources the patients who were referred
to arteriography first had been selected by their primary physi-
cians and then entered the study by fulfilling different criteria of
high suspicous RAS to accomplish a reasonable pretest likelihood
for RAS [1, 2]. Therefore, the patients who were referred to
arteriography were significantly older and had a higher MAP
despite taking more antihypertensive drugs (Table 1).
Early studies reported high sensitivity and specificity of Doppler
sonography for the diagnosis of RAS, but required that the main
renal artery could be visualized for the measurement of PSV [3, 4,
7, 8]. Since CDS was not available at that time, the anatomical
course of the arteries was often difficult to demonstrate and
angle-corrected velocity calculations were problematic and time
consuming during routine examination.
More recent studies reported even a higher rate of inadequate
examinations despite the use of color mode. In particular, acces-
sory renal arteries were hardly visualized by CDS [5, 6, 9]. In
agreement with these results, we also failed to demonstrate 75%
of accessory renal arteries, whereas in 82% of all renal arteries
PSV could be measured. Using exclusively the PSV (> 2 m/s) as
a stenotic criterion, 76 of 107 RAS were detected (sensitivity 71%,
specificity 96%). It is notable that our statistical evaluation
includes both main and accessory renal arteries including the
arteries that could not be visualized by CDS, because additionally
intrarenal parameters were determined. This evaluation differs
from that of recently published studies dealing with extrarenal
Doppler scanning of RAS, and may be one reason for the contrast
of the results [8, 25]. If we had exclusively evaluated the main
renal arteries with successful measurement of PSV, the sensitivity
and specificity would have been nearly 100%, as it had been
published by Olin et al [25].
Analysis of intrarenal Doppler waveforms may be another
approach of CDS for the diagnosis of RAS, since it is not limited
by bowel gas and obesity [10—15, 17, 26]. A low intrarenal RI in
the poststenotic segment is mainly due to a decrease of systolic
renal blood flow velocity. Therefore, more recent studies have
focused their attention on the side-to-side-comparison of RI
(SRI) [13, 17].
When we used iRI as an exclusive parameter 68 of 107 RAS
were detected by this intrarenal scanning method (sensitivity 64%,
specificity 82%). This level of sensitivity is lower than that of
previous studies [13, 17], possibly due to a higher number of
bilateral stenoses in our patients.
The combination of intra- and extrarenal parameters resulted
in an overall sensitivity of 89% and specificity of 92%. However,
these values may be biased by the patient selection in our study.
Due to ethical concerns, patients with normal CDS result, treat-
able hypertension without evidence of peripheral vascular disease
were less likely to undergo arteriography, so that clinically non-
significant low grade RAS may have been frequently overlooked.
It can be assumed that the sensitivity and specificity would have
been lower if the patient selection would have been broader in the
present study. Recently, Olin et al [25] found a sensitivity of 98%
by analyzing peak and end diastolic flow velocity of the main renal
arteries. It is most likely that these excellent results are due to a
100% prevalence of RAS in their study population. However, in a
screening population this exceedingly high prevalence cannot be
expected [1, 2].
Of particular interest is the comparison of intrarenal CDS
parameters in FMD stenoses with those in atherosclerotic RAS,
since the poststenotic flow pattern is influenced by the compliance
of the poststenotic vessel wall [15, 27]. Accordingly, our data
showed that R1 was higher in severe FMD stenoses than in
atherosclerotic RAS with the same grading. Moreover, RI failed
in 52% of severe atherosclerotic stenoses. Possibly due to the
stiffness of the atherosclerotic arteries, RAS had been frequently
overlooked by intrarenal scanning in these patients [16]. On the
other hand, all severe FMD stenoses were identified by SRI.
Rather, this excellent result may he due to an unaltered compli-
ance of renal arteries in this generally young population of FMD
patients.
One could speculate that a significant RI is associated with the
presence of RVH. However, RI did not correlate to blood
pressure reduction after removal of the stenosis. Hence, the
presence or absence of RVH cannot he predicted when RAS is
diagnosed by CDS.
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In conclusion, the combination of intra- and extrarenal scan-
fling of the renal arteries is the method of choice when CDS is
used for the diagnosis of RAS. Inadequate visualization of main
and accessory renal arteries may be compensated by the measure-
ment of flow changes in the poststenotic segments, performed as
a side-to-side-comparison of the intrarenal RI. The exclusive use
of LRl is of limited value in patients with bilateral stenoses and in
older patients with atherosclerotic disease.
Reprint requests to Bernd Krumme, M.D., University Hospital Freiburg,
Department of Internal Medicine, Hugstetter Sir. 55, D- 79106 Freiburg,
Germany. E-mail:Krumme@2mm41.ukl.uni-freiburg.de
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